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Abstract
Quadricuspid aortic valve is a rare congenital malformation of the aortic valve. Its diagnosis is often missed even
with the use of transthoracic echocardiogram. Many of these patients progress to aortic incompetence later in life,
hence requiring surgical intervention.
In the case described in this report, a 61-year-old woman is presented with the features of congestive heart failure.
The preoperative transthoracic echocardiogram disclosed a moderate to severe aortic valve insufficiency but failed
to reveal the quadricuspid aortic value anomaly. This case underscores the important role of three-dimensional
transesophageal echocardiography for the diagnosis of quadricuspid aortic valve.
Background
Quadricuspid aortic valve (AV) is a very rare congenital
anomaly with an incidence of 0.008% at autopsy and 1%
in patients presented for AV surgery [1]. In addition,
quadricuspid AV can be associated with other congeni-
tal cardiac deformities. Hence, early recognition and fol-
low-up is critical in these patients. A case is presented
where three-dimensional (3-D) transesophageal echocar-
diography was used for the diagnosis and identification
of the quadricuspid AV.
Case presentation
A 61-year-old woman was presented to the hospital with
shortness of breath, dizziness, and palpitation. Her exer-
cise tolerance was unremarkable until the past 3 -
4 months when she noted an increase in dyspnea and
palpitation on mild exertion.
Pertinent exam revealed a water hammer pulse with
blood pressure of 110/50 mmHg. Under cardiac auscul-
tation, an early diastolic murmur on the second right
intercostal space and a hyperdynamic apical impulse
was heard.
Transthoracic echocardiography (TTE) demonstrated
severe aortic insufficiency (AI) with a dilated left ventri-
cular (LV) and a normal function (EF = 55%). Moreover,
a suspected quadricuspid AV was seen but there was no
confirmation due to bad image quality in this over-
weight patient. No other pathology was noted (Fig. 1).
In order to rule out other potential congenital defor-
mation and coronary artery and big vessel disease, a CT
angiogram was done and showed a severe central AI.
The ascending aorta has a mild aneurismal dilatation.
The patient was then scheduled for AV replacement
surgery. During the operation, intraoperative transeso-
phageal echocardiogram showed a clear quadricuspid
AV consisting of four cusps of equal size. The quadri-
cuspid aortic valve (QAV) was identified by its charac-
teristic “X” configuration during systole (different from
the “Y” of the normal tricuspid aortic valve) (Fig. 2).
Meanwhile, miscoaptation of these four aortic leaflets
with moderate to severe AR was also confirmed.
Furthermore, 3-D echocardiogram revealed degenerated
change in the tip of the four aortic leaflets that caused
the AR. (Fig 3)
The cusps showed a mild degree of calcification but a
well-preserved motion. Furthermore, transesophageal
echocardiogram examination showed a normal LV func-
tion, moderate LV hypertrophy, and mild aneurismal
dilation of the ascending aorta.
The patient underwent a minimally invasive quadri-
cuspid AV replacement with a Medtronic Hancock II
porcine valves and ascending aorta forming via a
midline sternotomy.
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Discussion
Quadricuspid AV is a very rare congenital anomaly with
an incidence of 0.008% at autopsy and 1% in patients
presented for AV surgery [1]. The knowledge of the
existence of QAV dates back to 1862 with its first
description given by Balington [2]. Since then, there
have been more than 190 cases reported in literature
with echocardiography being the leading mode of detec-
tion, followed by surgery, autopsy, and aortography,
with detection rates of 51.1%, 22.6%, 15.6%, and 6.5%,
respectively [3]. Hurwitz and Roberts classified quadri-
cuspid valves into seven subtypes based on cusp size
and degree of cusp equality [4]. The competency of a
quadricuspid valve has been shown as related to aortic
cusp morphology and symmetry.
The mechanism of this congenital malformation is not
fully known. One of the leading hypotheses is an abnor-
mal septation of embryological truncus arteriosus. Nor-
mally, after the septation of the arterial trunk, three
mesenchymal swellings develop into semilunar leaflets
of the aortic and pulmonary trunk. However, in quadri-
cuspid aortic valve, the fourth cusp arises during the
early stage of truncal septation resulting to either a dif-
ferent number of primordial aortic leaflets or an abnor-
mal cusp proliferation [5].
QAV may be isolated or associated with other conge-
nital cardiac abnormalities, including coronary ostium
displacement or obstruction, altered coronary artery
anatomy, ventricular septal defect, patent ductus arterio-
sus, subaortic fibromuscular stenosis, and malformations
Figure 1 The preoperative transthoracic echocardiogram (TTE) disclosed a moderate to severe aortic valve insufficiency but failed to
reveal the quadricuspid aortic valve anomaly clearly.
Figure 2 Transesophageal echocardiogram (TEE) short axis views in the vicinity of the aortic valve plane showed a quadricuspid
aortic valve. The four cusps demonstrated a mild degree of calcification but a well-preserved motion. There was a central jet on the color
Doppler examination, which is consistent with the severe aortic insufficiency (AI).
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of the mitral valve [6]. Nowadays, TTE plays an impor-
tant role in diagnosing this anomaly [7,8]. Meanwhile,
clinical awareness should be raised for this rare congeni-
tal heart disease. Other than careful echocardiogram
exams, CT angiogram (or even invasive coronary angio-
gram) is also necessary to preclude potential associated
abnormalities. For this 61-year-old female patient, the
CT shows no other congenital malformation or coron-
ary artery disease other than QAV.
TEE provided a clearer visualization of the heart inter-
nal structure as compared with routine TTE. However,
in some instances, TTE may be suboptimal to recognize
this malformation and the origin of the coronary vessel
due to bad acusted window especially for overweight
patients. As shown in this patient, TTE only showed the
severe AR but did not confirm the diagnosis of QAV.
In contrast, the intraoperative TEE showed more sen-
sitivity and specificity in diagnosing the QAV compared
with TTE [1,3]. TEE, especially 3-D TEE, provided a
clear vision for QAV and its pathological change.,
Meanwhile, the key information provided by TEE,
especially 3 D TEE, is not only for diagnosis purposes,
but also as a guide for surgical procedures. As shown in
this patient, miscoaptation is present in both four leaf-
lets of the aortic valve. Instead of valve repair, replace-
ment with bioprothesis may be a better choice for this
patient.
Conclusion
The advent of echocardiography has increased greatly
the frequency of detection. Sometimes, it may not be
possible to visualize the aortic leaflets adequately with
the transthoracic echo, but the intraoperative TEE pro-
duces images clearer than TTE. As it is in our case,
TEE cannot only produce images of the QAVs clearly,
but also uses the 3-D image to reconstruct the QAVs
opening and closing conditions. Thus, it plays an impor-
tant role in reaching the appropriate diagnosis and in
guiding further surgical procedure.
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Figure 3 3-D transesophageal echocardiogram. The aortic valve
opened and closed. It consiste of four cusps of equal size. This was
clearer compared with those using 2-D transesophageal
echocardiogram.
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